Introduction
In a recent address to an invited medical audience, Kenneth Clarke, the Secretary of State for Health outlined some of his aspirations for a 'comprehensive and high quality' health service in the United Kingdom'. Among the items he discussed was his desire for greater financial autonomy for the District Health Authorities and the 'self-governing hospitals'. He also stated that it was the wish of both the Prime Minister and himself, that the National Health Service should be retained within the public sector, and that 'a conscious decision has been made not to go down the American road'.
It occurred to us that many medical practitioners in the United Kingdom have little, or no idea of how health care services are organized in the United States. In writing this article, it was not our intention to present a comprehensive description of the medical system in the USA. Rather, we wished to describe one particular aspect of this system, namely the provision of a laboratory service, in one particular American hospital. The organization of Laboratory Medicine varies considerably across the United States. Each system is the result oflocal circumstances and history, however, in general, the pathology service is subdivided into 'Anatomic Pathology' which includes histology and the autopsy service, and Laboratory Medicine. Clinical chemistry, microbiology, virology, immunology, genetics, serology and haematology therefore fall under the umbrella of Laboratory Medicine. A 'clinical' service in haematology is usually provided under the auspices of a division of the Department of Medicine. Apart from these classical branches of pathology, the need to process and communicate enormous quantities of data, has led to the development of a novel section within some departments of Laboratory Medicine, namely 'Informatics'.
University of Washington Hospital Medical Center
The University of Washington Hospital Medical Center (UWMC) is a 500·bed teaching hospital, built in the 1950s and situated on the Western border of Lake Washington, in the North Eastern sector of Seattle. It serves a local population of 3 million inhabitants but is also a tertiary referral centre for the States of Washington, Alaska, Montana and Idaho. It is one of four university-affiliated hospitals in the city; the others are Harborview Medical Center (HMC), Childrens' Hospital Medical Center (CHMC), and Veterans Administration Medical Center (VAMC). There are, additionally, four private hospitals of comparable size in the Seattle area. Although most of the laboratory services are provided independently by each of these hospitals, certain specialized tests are centralized and performed by only one laboratory in the group. For example, some lipid analyses, including elaborate lipoprotein quantitation, are provided by the North West Lipid Research Laboratory at HMC, whereas, esoteric virological studies are performed at CHMC.
All hospitals in the Seattle area, whether public, or private, are served by a single, non-profit-making, blood-banking service. Puget Sound Blood Center is centrally located, and is solely dependent on volunteer donors.
Although there is an increasing tendency for physicians in the community to perform simple laboratory tests in their own offices, at present, most of these samples are analysed by the hospital, or private laboratories.
The Department of Laboratory Medicine The Department of Laboratory Medicine at University
Hospital was established approximately 20 years ago, and is now one of the largest departments in the United States.
Staffing
Laboratory workers fall into four major categories; (a) physicians and post-doctoral scientists, who are specialists, or trainees in Laboratory Medicine, (b) medical laboratory technologists, (c) laboratory technicians, and (d)administrative, computer, clerical and secretarial staff.
Staffing levels
The Department of Laboratory Medicine at UWMC and HMC employs approximately 175 medical technologists and technicians, 50 ancillary staff involved in functions such as data processing, making reagents and media, and 12 full-time 'community service' staff. The medical and academic staff include 10 resident trainees, 10 research fellows and 12 graduate students. Of the 40 members of the faculty, a number have joint appointments with other departments within the University. If grant-supported full and part-time staff are included, there are almost 500 individuals on the Laboratory Medicine payroll.
Training

Physicians
Following their medical degree, some Laboratory Medicine trainees do a clinical internship. Most then enter a 4-year pathology training programme which includes Anatomic Pathology. A minority join a 3-year programme, of which Anatomic Pathology forms no part. The latter are generally rotations through each sub-specialty, and after 4 years culminate in eligibility to take the 'National Board examinations' in Clinical Pathology. Specialization in one particular branch of Laboratory Medicine takes place rather later than it does in the UK. Candidates may decide, after further training, to take 'Board' examinations in their desired sub-specialty, for example, 'Blood Banking' or 'Haematopathology'. The format of these examinations differs from postgraduate medical examinations in the UK in that they are all multiple. choice examinations, and there is no practical or oral component. The Board examinations certify a physician to run his own section in Laboratory Medicine. In the University Hospital setting he may become a member of the facuIty. As an assistant professor, he would be expected to teach and develop his own research interests. Although the latter may entail method development, or other applied research, it may also be more fundamental in nature. Funding for this is often obtained from Government bodies, such as the National Institutes of Health and the National Science Foundation. Academic advancement within the University of Washington is critically dependent on research productivity, and this is typical of most academic institutes in the USA.
Technologists
The technologists each attend a 4-year college course leading to a Bachelor's degree, and are also required to take a national registration examination. The college course is vocational, and undergraduates may have fewer options than for other degrees. In their 4th year students are required to do an 'internship' to gain practical experience of working in a clinical laboratory. Training continues even after obtaining a permanent post, and most technologists who aspire to a supervisory role, are encouraged to take a Master of Science degree in Laboratory Medicine. The heads of divisions and sections usually have doctorates, and may also be medically qualified. The University of Washington runs its own undergraduate and postgraduate degree courses in Laboratory Medicine, and some ofthe better candidates may be considered for appointments upon obtaining their degree. Demand for good medical technologists exceeds the supply, and this is in part related to salaries, which are very good by UK standards, but may be lower than offered by private, 'for-profit', laboratories. Other factors contributing to the shortage include a fear of bloodborne diseases, particularly AIDS, and the fact that automation has made aspects of some jobs rather tedious.
Technicians
Medical Laboratory Technicians (MLTs) take a 2-year full-time degree at a Community College in Laboratory Science before joining the laboratory. Medical Laboratory Assistants (MLAs)attend a oneyear course at a Community College and also receive a short on-job training course.
Administrative and clerical
In the UK it is unusual for even large Teaching Hospital laboratories to have more than a handful of clerical officers. The need for administrative, computer and clerical laboratory staff is much greater Journal of the Royal Society of Medicine Volume 83 August 1990 503 in the USA. The reason for this is that most laboratory reports are computer-generated and much of the billing process is also computerized. The 'Community Services' section is a unique adjunct to the Department of Laboratory Medicine, which was established to market services, inform physicians of new tests that are available and to coordinate the collection of samples for testing and the reporting of results.
The importance of the computer network to the efficient running of the laboratory is evidenced by the fact that there are five full-time staff devoted to computer-related tasks, including a board-certified physician with a postgraduate degree in Medical Informatics.
Laboratory organization Computerization
Computers are involved in virtually every laboratory activity. The entry of patient data for a test request is used subsequently for the generation of labels for tubes, a work-list for sample analysis and an account that may be sent to the requesting physician or the patient himself. Following sample analysis, the results for some analytes are down-loadeddirectly and compiled into a report. However, most test results are entered manually. The computer system is also important for the analysis of quality control results, the purchasing of stock and accounting. There are two independent computer systems. Two VAX-1l/780 computers, both housed at UWMC, use a commercial software package, to run the Clinical Laboratories at UWMC, HMC and the Virology Laboratory at CHMC, and are dedicated to this function alone. Results are sent to the VAMC via a dedicated computer link. The laboratory computers are linked to the hospital system for the transmission of billing data, and to monitors on some ofthe wards, via an autodialer, for transmission oftest results. There is a separate office system consisting of a VAXNMS and MicroVax-II for all non-clinical computing needs.
Requesting 'Requisitions' can be made with a choice of urgency; either 'stat' for vitally important tests; within three hours for less urgent tests; or 'when possible' for routine tests. Analyses may be expedited if an 'outpatient' is awaiting the result of a test. There is usually no cost differential for these categories of urgency, nor is there a premium for most 'out-ofhours' requests at UWMC and HMC, though this is by no means always the case in the United States. In general, the laboratory trusts the judgement of the requesting physician, and in most instances this trust is not abused. Although up to 35% of tests in the University Hospital system are requested 'stat', this probably reflects the level of activity of the ICU, Trauma Unit, Burns Unit and Emergency Room. Approximately 30 tests are available on a 'Stat'-basis 24 hours a day without approval. The turn-around time for these tests range from 2 min for blood gases to 60 min for a creatinine clearance. Other tests require prior approval by the resident on-call, if requested out-of-hours. On some occasions, if an urgent request is made for a test that is only performed weekly, the situation would be assessed by the resident 'on-call', who then either arranges for a special 'run', or convinces the clinician that the quality of patient-care would not be adversely affected by delaying the test until the next routine run.
Venesection
Within the hospital, the venesection and sample preparation service is centralized. The venesection service is organized by the Department of Laboratory Medicine. Visits are made to each ward three times daily for routine bloodcollections,and outpatients are bled between 8 am and 5 pm. Samples are delivered to, and processed at a single work-station. The samples are centrifuged, separated and aliquoted for each of the tests ordered, and the patient and test data entered onto a computer terminal. Day lists, worksheets and billing documentation are generated automatically.
Sample transportation
Because some of the laboratories serve several hospitals, samples must be transported between them. During the day this occurs by a regular University bus service, and at night, transportation is by taxi cab. There is a courier service for samples originating in the community. It covers a catchment area of approximately 50 miles in radius, and is provided free-of-charge. Pick-up of samples is arranged by the Community Services section. Once within the hospital, these samples are handled in a similar manner as inpatient samples.
Sample analysis
Over 1.6 million analyses were performed in 1988 within the University Hospital Department of Laboratory Medicine. Of these approximately 63% were from inpatients, 29% from outpatients, and 7% from the community. Multi-channel analysers are the major work-horses of the laboratory, and are used for the high-throughput chemistry and haematology profiles. These tests are consequently cheaper to order as a panel of tests than individually. Private laboratories may set their charges to make a financial loss on some profiles, hoping this will be off-set by charges for necessary follow-up tests. Other highthroughput assays are performed on discretionary centrifugal analysers, that allow the operator to choose from a number of different individual tests, or panels, to be performed on a particular sample.
There are some assays that are rarely requested, and that may require specializedequipment, reagents and know-how. In the UK, the Supraregional Assay Service has been established so that such tests can be performed efficiently and reliably. In the USA there are Reference laboratories to which such samples may be sent. These laboratories are run as commercial enterprises, and a decision is made to send a sample to a particular laboratory, based on cost, turn-around time and whether the laboratory is accredited by the College of American Pathologists (CAP). In fact, the University laboratories serve as Reference Laboratories for a number of esoteric assays, and it is necessary to remit only a very small fraction of samples to other laboratories. Because of its accredited status, all samples that require referral, must be sent to an accredited Reference Laboratory.
Satellite laboratories
There are some situations that warrant frequent monitoring, or very rapid determinations of certain analytes. For this reason there has been a burgeoning ofsatellite laboratories in departments ofanaesthesia, intensive care, neonatology, and cardiothoracic surgery. A policy decision has been made at the University of Washington that the Department of Laboratory Medicine be responsible for the running, staffing and equipping ofthese laboratories. One such laboratory has been established for the operating theatres, and functions during normal operating hours. A service is provided, as required, for continuous transcutaneous monitoring of Po 2 , Pc0 2 and bilirubin in neonates. The department also intends to provide and operate a bed-side service for measuring haemoglobin, electrolytes, glucose,magnesium and albumin as part of a recent liver transplantation initiative within University Hospital.
Reporting and clinical liaison
Within the hospital, there are computer terminals, or printers, on most wards for the rapid retrieval of results by clinicians. Interim reports are distributed to the wards twice daily, and a cumulative daily report, summarizing all results on a given patient for his current admission, is printed every evening. Test results of samples originating in the community are returned by post, or if urgent, or unexpectedly outside defined reference range, phoned directly to the requesting physician.
Out-of-hours sample handling
Staff work in shifts throughout the day and at weekends. Fewer staff work during the evening (16.00 h to midnight) and night (midnight to 08.00 h) shifts, and those that do, receive a small salary enhancement. Analyses are performed on the same equipment at night as during the day, and hence results are directly comparable and are of consistent quality no matter when they are generated.
Monitoring efficiency
A laboratory's proficiency is assessed by a number of inter-laboratory quality assurance programmes, including National schemesrun by the CAP,American Association for Clinical Chemistry, and the Centers for Disease Control. Although these schemes are voluntary and must be paid for, laboratory accreditation by the CAP requires that a laboratory performs adequately with regard to an external quality assurance scheme. Accreditation site visits are made by the CAP at regular intervals to ensure satisfactory working conditions and practices. Representatives of the Washington State Department of Social and Health Services also pay regular, unscheduled, visits of inspection. The results of each of these appraisals are published and are available for public review.
Financial issues
Hospital laboratory funding in the USA is a more complex affair than in the UK. The Department of Laboratory Medicine at the University ofWashington is primarily supported by UWMC and HMC budgets, however, it also obtains funds directly from patients, or from their Health Insurance companies. Some patients are eligible for Government support provided by Medicaid, or Medicare schemes. Funds earned by Laboratory Medicine, accruing from the analysis of hospital specimens, and performed by staffsupported by department salaries, are used to help support the department.
As a university department, funds are also appropriated from the School of Medicine, for academic programmes. There are also more direct Federal sources of income, and UWMCand HMC receive state support as a result of their 'Educational Mission'. HMC attracts both State and County support by virtue of its crucial role in providing highly specialized units for burns and trauma victims.
Some research funding is provided by Federal agencies and charitable trusts such as the National Institutes of Health, the American Heart Association and the American Cancer Society, and this is used for salary support of research fellows and technicians. Some research monies are also obtained by collaborations with industry, for use in the development of new methodologies.
Escalating medical costs in the USA have forced the insurance companies and the Government to re-evaluate their re-imbursement policies. In an attempt to limit the size of claims, they are setting limits on how much they will re-imburse a physician for particular procedures and investigations. A flat fee is paid per patient of a particular category, undergoing a particular procedure. This policy has had greatest impact on high-cost investigations, and laboratory tests are also coming under close scrutiny.
Academic activities
When the Department of Laboratory Medicine was created, it was mandated to 'facilitate effective development of educational programs for undergraduate, graduate and post-doctoral students'. It is therefore responsible for running undergraduate and postgraduate courses in Laboratory Medicine for medical students, medical technologists and other paramedical staff. It also provides training for residents and fellows seeking certification in clinical pathology.
Conclusions
It is apparent from the above account that there are many similarities between the provision of a diagnostic laboratory service in the USA and the UK, certainly the quality of the service is very high in both countries. However, there are also a number of striking differences. What insights can be gleaned from the American experience of laboratory medicine, and may these be of value in deciding the future of hospital pathology in the UK?
A major difference in the two systems is the source of funding. In the UK a department of pathology is allocated limited financial resources by the Regional Health Authority, consequently these funds must be used with discretion. It is one of the duties of a Consultant Pathologist to appraise critically the need for a particular test, and to limit the performance of unnecessary analyses. In the USA the laboratory's income may depend in part on the number of tests undertaken, irrespective of their clinical utility. Under these circumstances there may be little incentive for the laboratory to discourage the clinician from making a request. The high litigation rate in the USA is another factor that has stimulated a growth in requests for laboratory tests. Tests are often requested by the physician as a safeguard, rather than Journal of the Royal Society of Medicine Volume 83 August 1990 505 being clinically indicated. Within the setting of a 'National Health Service' these practices would be an enormous waste of resources.
The fact that in the American system, income is directly related to demand, has been a stimulus to provide a competitive and comprehensive service. Laboratories can afford to purchase sophisticated, state-of-the-art equipment, and to operate a shift system, with staff working 24 hours a day. Hence, clinicians have no reason to doubt the reliability of 'out-of-hours' tests, as some do in the UK.
The existence of private laboratories in the USA has necessitated the establishment of system of accreditation. Laboratories are not compelled to become accredited by the CAP, but their commercial viability depends on a reputation of producing reliable results, and this is endorsed by accreditation. The assessment of laboratories by the CAP and State Department of Health are thorough and comprehensive. It is perhaps unfortunate that all clinical laboratories in the UK are not required to undergo such a rigorous evaluation. And, indeed, this may be necessary if privatization occurs.
Another important difference between Laboratory Medicine in the USA and the UK, is related to staff training. In the UK a considerable portion of a laboratory's budget is allocated for this purpose. Many individuals may be involved in day-release programmes, and these often continue for several years. On completion of their diploma courses, candidates often leave the National Health Service because there are too few senior positions, or because of the attractions of a job in industry. In the USA, departments of Laboratory Medicine employ staffthat have acquired a basic training before commencing employment. And academic departments may actually receive financial support from the University for running degree courses for medical technologists and medical students. Would the institution of an undergraduate degree course in Medical Technology be beneficial in the UK? As things are, many science graduates join hospital laboratories with degrees, ill-suited for their future careers, and require long periods of on-job training. Vocational courses may be more cost effective, and the high probability of a job on graduation should ensure their popularity.
Hopefully, the future structure of hospital pathology in the UK will combine the virtuous aspects of the British and American systems.
